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[57] ABSTRACT

The present invention relates to methods for preparing
aromatic nitriles and, more specifically, to a method for
preparing phthalonitriles. |

The present method for preparing phthalonitriles re-
sides in subjecting xylene to oxidative ammonolysis at a
temperature of 340° to 480° C. in the presence of a

catalyst having the following composition (in weight
percent):

antimony oxide: 1 to 25
bismuth oxide: 1 to 20

~ vanadium or molybdenum oxide: 0.2 to 15

ferric oxide: 0.1 to 25

-carrier: the balance

The method of the present invention will find applica-
tion in the production of highly heat-resistant polyam-
ide and polyester fibres, new types of xylylenediisocya-
nate, plastics, phthalocyanine dyes, as well as for pro-

ducing terephthalic and isophthalic acids and other
materials.

3 Claims, No Drawings
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METHOD FOR PREPARING PHTHALONITRILES

FIELD OF THE ART

" The present invention relates to the prcductlon of
“aromatic dlnltnles and, more Spec:tﬁcally, to a method
fcr preparmg phthalcnltrlles

BACKGROUND ART

" "Kriown ih the art is a method for preparlng :Phthdloni

triles by oxidative ammcncly51s of xylene in the pres-
ence of a catalyst consisting of a mixture of vanadium
oxide and molybdenum oxide deposited onto alumina
activated by compounds:containing cerium, manganese,
tin, bismuth, antlmcny, titanium, lithium, sodium and
potassium’ (1n an amount of from 0.1 to 50% by the total
weight of vanadium-and molybdenum). Upon’ passing

‘through ‘the“catalyst a 'mixture containing 0. 77% by

weight of p-xylene,-7.22% by weight of ammonia and

sec, at'the temperature of 460° C., the maximum yreld of

terephthalontrile is equal to 95. 4% by weight, that of

isophthalonitrile is 85% by’ weight, ‘the yield of-6rtho-
phthalonitrile is 80% by weight as calculated- for the
employed xylene. Under these conditions the catalyst
capacity relative to terephthalonitrile is 72.4 g/1 of the
catalyst per hour; the catalyst capacity relative to 1Soph-
thalonitrile is 60 g/1 cf the catalyst per hcnlr (cf US

‘Pat."No. 3,870, 743)

Also known. in the art is a method fcr preparing te-

‘replithalonitrile by way of oxidative ammonolysis: of

p-xylene with recycle of the unreacted. starting hydro-
carbon and intermediate nitriles in the presence of a
catalyst consisting of 1.3% by weight of VoOsand 8.1%
by weight of Sb203 deposited onto alumina. At 'the
temperature of 454° C., space rate of 1,100 hr—1conver-
sion of p-xylene per pass is 50%, selectivity relative to
terephthalonitrile is 33 mol.%. The: catalyst capacity
relative to.terephthalonitrile under ‘these conditions is
equal to 62 g/l of the: catalyst per hcur (cf U S Pat No

3,497,545):

Another rnethcd stlpulatrng the use of the same cata-

lyst (1.3% by weight of V205 and 8.1% by weight of

Sb203) and contracting thereof with p-xylene, ammonia
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ucts equal to 85.2 mol.%. Capacity of the catalyst rela-
tive to terephthalonltrlle 1S equal to 14 g/1 of the cata-
lyst per hour.

“Known in’ the art is a method for preparlng tereph—
thalonitrile by way of oxidative ammonclyms of p-
xylene at the temperature of 360° C. and the contact

time of 6 sec in the presence of a catalyst, i.e. vanadium

. cxnde supported on alumina. The yield of terephthalcm-
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trile is 70% by weight (cf. British Pat. No. 796,765).
A prircipal dlsadvantage of the above-discussed

" methods resides in an insufficient yield of the desired
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92.05% by weiglit of air during the contact time of 0.77 20
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and steam-(1.5:82.5:6.0:10% by volume) makes-it possi- 45

ble to produce terephthalonitrile with the selectivity
about 80 mol.% at the 100% ccnversmn of p-xylene (cf.
U.S. Pat. No. 3,393,220). -

French investigators have studied the reaction of
cxidati.‘ve ammonolysis of p-xylene in the presence. of

V305, V-Mo, Ti-Mo and Sn-Mo-catalysts. The maxi-

mum yield of terephthalonitrile of 79% by weight is
reached when V70s51s used as the catalyst. The process
temperature 1s maintained within the range of from 415°
to 460° C., molar ratio of p-xylene:ammonia:air is-equal
to 1:10: 100 (cf. Bull. Soc. Chim. France 1975 Ncs
11-12, pp. 2617-2621). - .
Known is a method for preparmg tercphthalcnltrlle
by way of oxidative ammcnclysm of p-xylene or dieth-
ylbenzene in-a stationary or fluidized. bed: of a catalyst
consisting ‘of oxides of vanadium;:chromium, boron,

- phosphorus (atomic ratio-betweén' the . elements being
~equal to 1:(0.5-2):(0.1-1.2):(0.01-0.3)) deposited onto

silica gel. Passing a mixture: consisting of 1.2% by vol-

-ume of p-xylene, 9.6% by.-.volume .of ammonia and

80.2% by volume of air over this catalyst at the temper-
ature of .305° C. over the contact time of 6 sec results 1n
the content of terephthalonitrile.in the reaction prod-
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;prcduct and a lcw capaclty of the catalyst.

Also, known in ‘the art is a method for 'preparlng

”"phthalcmtrlles by way of cxldatwe ammonolysis of

xylene. . The process is conducted at a temperature

‘within the range of from 340° to 380° C., the molar ratio
between xylene,. ammonia and air oxygen of 1:7:20,
contact time of from 0.6 to 7 sec in the presence of a
-catalyst containing 21% by weight of antimony. oxide,

3.2% by weight of bismuth oxide, 5% by. weight of
vanadium oxide. or- molybdenum oxide supported on
alumina. Under these conditions-selectivity of tereph-
thalonitrile constitutes 93 mol.%, the catalyst capacity

‘with respect to terephthalonitrile is equal to 67 g/l of
the catalyst per hour, in respect of iSOphthalonitrile and
‘orthephthalonitrile .the catalyst capaclty iS equal tc 57
g/ | of the catalyst per hour.

i."'This prior-art method has a dlsadvantage res1d1ng n‘a

.-icw capacity of the catalyst and an 1nsufﬁc1ent yleld cf
.the desn‘ed prodnct -

| DISCLOSURE OF THE INVENTION

“The present invention is directed to the provision of
stich a method:for'preparing phthalonitriles by selecting
an appropriate catalyst which would make it possible to
increase the yield of the desired product, as well as the
output cf the product frcm a unit volume of the cata-

lyst.©

This object 1s accompllshed by that in a method for

preparrng phthalonitriles by way of oxidative ammonol-
ysis of xylene at a temperature within the range of from

340° to 480° C. in the presence of a catalyst containing -

cmdes cf antlmcny, vanadium or mclybdenum depos-
ited onto an inert carrier, in accordance with the pres-
ent invention, use is made of a catalyst additionally
containing iron oxide in the followrng proportions of
the components, percent by weight:

antimony oxide: 1 to 25

bismuth oxide: 1 to 20

vanadium oxide or mclybdenum cxrde 0.2 to 15
ferric oxide: 0.1 to 25

carrier: the balance.

It is advisable to use the catalyst of the fcllowing
composition (percent by weight), in order to increase
the yield of the desired product:

antimony oxide: 11 to 15
bismuth oxide: 1.0 to 4.0

vanadium oxide or molybdenum oxide: 2. 0.to 6. 0
ferric oxide: 1.0 to 2.5 -

carnier: the balance.:

It 1S adwsable to use, as the carrier in the abovemen—
tioned catalyst, silica gel or alumina.
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BEST MODE OF CARRYING OUT THE
~ INVENTION -

The method for preparing phthalomtrlle 1S preferably
performed In the following manner.

Through a reactor with a stattonary or ﬂuldlzed bed
of a catalyst a mixture of xylene, ammonia and oxygen
taken in a molar ratio of 1:7-40: 4--14 respectively is
passed at a temperature within the rangé of from 340° to
480° C. and contact time of from 0.1'to 6 sec.

- The vapour-gas mixture after the reactor ‘is con-
densed, followed by the recovery of phthalomtrlles

The catalyst is prepared in the followmg manner. To
an acidic solution of bismuth nitrate at a temperature
within the range of from 30°'to 40° C. under continuous
stirring there are added:corresponding amounts of solu-
ble salts of antimony, bismuth, iron, vanadium or mo-
lybdenum, whereafter ‘the solution - témperature is
brought to 80°-90° C. and a carrier is'added thereto. At
this temperature: the solution is mamtamed for 5-6
hours, whereafter it is evaporated

The resulting mass is dried at a temperature within
the range of -from 150° to 200° C: for a period of 10 to
12 hours, then :calcined at a temperature within the
range of from.400° to.600° C. in:a current of air or an
inert gas for 6 to 8 hours. As a result, a catalyst is ob-
tained consisting of a mixture of oxides of antimony,
bismuth, iron, vanadium or molybdenum deposited
onto a.carrier. The herein-proposed method for prepar-
ing phthalonitriles is advantageous over ;those.kuown in
the art in that it ensures a considerable increase in the
yield of phthalonitriles together w1th a hlgher seleetlv-
ity of formation thereof. = =~ . -

For a better understanding of the. present mnvention,
examples of its specific embodlment are. gwen hereinbe-
low. |

e oatt L.
ot |hi-.' -

EXAMPLE 1

Into a reactor with the helght of 1 m and diameter of
40 mm a catalyst is placed containing 13% by weight of

- Sb203, 4% by weight of BiyO3, 3% by weight of V,0s,
1.5% by weight of Fe;O3 deposited onto alumina cal-

cined at the temperature of 900° C. Through the cata-

lyst bed there are passed 8.6 g of p-xy]ene at the temper-

ature of 400° C., molar ratio of p- -xylene to ammonia and

oxygen of 1.7, and the contact time of 0.4 sec.
There are obtained 9.9 g of terephthalomtrlle
Selectivity is 96 mol. %.

EXAMPLE 2

8.6 g of p-xylene at the temperature of 420° C., molar
ratio between p-xylene, ammonia, oxygen equal to
1:40:4 and the contact time of 0.6 sec are passed through
a catalyst containing 11% by weight of Sby03, 4% by
weight of Bi203, 3% by weight of V305, 1.5% by

4,439,371
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weight of Fe;O3 deposited onto alumina calemed at the

temperature of 1,000° C.
There are obtained 9.5 g of terephthalomtrlle
Selectivity is 92 mol.%.

EXAMPLE 3

8.6 g of p-xylene at the temperature of 420° C., molar
ratio between p-xylene, ammonia and oxygen equal to
1:7:9, the contact time of 0.3 sec are passed through a
catalyst containing 13% by weight of Sb2O3; 4% by
weight of BiyO3, 3% by weight of V205, 2.5% by
weight of FeyO3 deposited onto alumina calcined at the
temperature of 900° C.

65
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There are obtained 10 g of terephthalonitrile.
Selectivity is 98 mol. %. “

EXAMPLE 4

8.6 g of p-xylene at the temperature of 450° C., molar
ratio of p-xylene, ammonia and oxygen equal to 1 7:3.5,
the contact time of 0.5 sec are passed through a catalyst
containing 15% by weight of SbyO3, 2% by weight of
Bi;03, 2% by weight of V;0s, 2.5% by weight of
Fe;O3 deposited onto silica gel calcmed at the tempera-
ture of 600° C.

There are obtained 9.1 g of terephthalonltrlle

Selectivity is 88 mol.%.

EXAMPLE 5

8.6 g of | p-xylene at the temperature of 420° C,, molar
ratlo between p-xylene, ammonia and oxygen equal to
1:7:7 and the contact time of 0.4 sec are passed through

a catalyst containing 13% by weight of Sby03, 4% by

wetght of B103, 3% by weight of V205, 1.0% by

weight of Fe2O3 deposited onto silica gel calcined at the

temperature of 800° C.
There are obtained 9.5 g of terephthalomtrlle
Selectlvrty is 92 mol.%.

'EXAMPLE 6

8 6 g of p-xylene at the temperature of 420° C., molar
ratio between p-xylene, ammonia and oxygen of 1:8:7,
the contact time of 0.4 sec are passed through a catalyst
containing 13% by weight of Sba03, 1% by weight of

-B1203, 3% by weight of V,0s, 2.5% by weight of

Fe203 deposited onto alumina calcined at the tempera-

ture of 1,300° C.

~There are obtained 9. 3 g of terephthalonitrile.
Seleetwrty 1s 90.5 mol. %.

" EXAMPLE 7

8.6 g of p-xylene, at the temperature of 420° C., molar
ratio between p-xylene, ammonia and oxygen equal to
1:8:7, the contact time of 0.4 sec are passed through the
catalyst containing 11% by weight of Sby03, 3% by
weight of Bi1,03, 6% by weight of V,0s, 1.5 by weight
of Fe;03 deposited onto alumina calcined at the temper-
ature of 1,000° C. |

‘There are obtained 9.63 g of terephthalonitrile.

Selectivity 1s 93.5 mol.%.

EXAMPLE 8
8.6 g of p-xylene at the temperature of 420° C., molar

ratio between p-xylene, ammonia and oxygen equal to

1:10:4, the contact time of 2 sec are passed through a

catalyst containing 1% by weight of Sby03, 20% by

weight of BizO3, 15% by weight of V20s, 25% by
weight of Fe;O3 deposited onto alumina calcined at the

temperature of 1,300° C..

- There are obtained 4.75 g of terephthalonitrile.
Selectivity is 46 mol.%.

EXAMPLE 9

- 8.6 g of p-xylene at the temperature of 480° C., molar
ratio between p-xylene, ammonia and oxygen of 1:10:14,
the contact time of 0.1 sec are passed through a catalyst
containing 25% by weight of Sby03, 1% by weight of
B1,03, 0.2% by weight of V;0s, 0.1% by weight of
Fe;03 deposited onto silica gel calcined at the tempera-
ture of 600° C. .

There are obtained 3.3 g of terephthalonitrile.
Selectivity is 32.8 mol.%.
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EXAMPLE 10

8 6 g of - xylene at the temperature of 400 C melar
ratio between m-xylene, ammonia and oxygen equal to
1:10:8, the contact time of 0.5 sec are passed through'a 3
catalyst. containing '13%:by weight of SbyO3, 4% by
weight of Bi,O3, 3% by weight of V05, 0.5% by
weight of Fe;O3 deposited onto alumma calcined at the
temperature of.:900°. €. | |

There are obtained 9 5 g of 150phthalon1trile - 10

Selectivity is 92 mol.%. ,_ | :
 EXAMPLE 11

8.6 g of m-xylene, at the temperature of 340° C., s

molar ratio between m-xylene, ammonia and oxygen of
1:8:7, the contact time of 4.5 sec are passed through a
catalyst containing 15% by weight of S$by03,"7% by
weight of Bi1yO3, 20% by weight of V305, 1% by
weight of Fe2O3 deposited onto silica gel calcined at the %
temperature of 900° C. | ‘
There are obtained 4.6 g of:isophthalonitrile.
Selectlwty 1s 44% by welght -

EXAMPLE 12

8.6 g of p-xylene at the temperature of 400° C., molar
ratio between p-xylene, ammonia and oxygen equal to
1:10:7, the contact time of 1 sec are passed through a
catalyst containing 10% by weight of Sb;O3, 3% by
weight of B1,03, 5% by weight of MoO3, 1.4% by 30
weight of FexO3 deposited onto alumina calcined at the
temperature of 900° C.

There are obtained 9. 95 g of terephthalonitrile.

Seleetlwty is 97 mol.%.

EXAMPLE 13

8.6 g of p-xylene, at the temperature of 340° C., the
molar ratio between p-xylene, ammonia and oxygen
equal to 1:10:6, the contact time of 6 sec are passed
through a catalyst containing 25% by weight of SbyQj3, 40
1% by weight of Biy03, 15% by weight of MoQO3, 0.1%
by weight of Fe,O3 deposited onto alumina calcined at
the temperature of 1,300° C.

There are obtained 4.9 g of terephthalonitrile.

Selectivity is 47 mol.%.

EXAMPLE 14

8.6 g of p-xylene, at the temperature of 480° C., molar
ratio between p-xylene, ammonia and oxygen equal to
1:15:5, the contact time of 0.2 sec are passed through a
catalyst containing 1% by weight of SbyO3, 20% by
weight of BiyO3, 2% by weight of MoO3, 25% by
weight of Fe;O3 deposited onto silica gel calcined at the
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temperature of 1,300° C. 55

There are obtained 3.2 g of terephthalonitrile.
Selectivity 1s 31 mol. %.

EXAMPLE 15

8.6 g of m-xylene, at the temperature of 420° C., ¢
molar ratio between m-xylene, ammonia and oxygen
equal to 1:12:6, the contact time of 0.8 sec are passed
through a catalyst containing 10% by weight of Sb;0s,
2% by weight of Bi1;03, 6% by weight of M0O3, 0.5%
by weight of FeO3 deposited onto alumina calcined at 65
the temperature of 900° C.

There are obtained 9.6 g of isophthalonitrile.

Selectivity is 93 mol. %.

25

8.6 g-of m-xylene, at the- teniperature of 480° 'C.,

molar ratio between:m-xylene, ammonia, oxygen equal

to 1:17:8, the contact time of 1.5 sec, are passed through
a catalyst containing 1% by weight of Sb03, 20% by
weight of BiO3, 2% by weight of V,0s, 25% by
weight of Fe;Oj3 deposited onto silica gel calemed at the
temperature of. 1,000° C.

There are obtained 4 g of 150phthalomtrlle
Selectivity is 39 mol.%.

EXAMPLE 17

8.6 g of m-xylene, at the temperature of 340° C.,
molar ratio between m-xylene, ammonia and oxygen
equal to 1:10:6, the contact time of 1 sec, are passed
through a catalyst containing 25% by weight of SbyOs,
1% by weight of Bi,O3, 15% by weight of MoO3, 0.1%
by weight of Fe;O3 deposited onto alumina calcined at
the temperature of 1,300° C.

There are obtained 3.1 g of isophthalonitrile.

Selectivity is 30.1 mol.%.

EXAMPLE 18

8.6 g of 0-xylene, at the temperature of 400° C., molar
ratio between o-xylene, ammonia and oxygen equal to
1:25:6, the contact time of 1 sec, are passed through a
catalyst containing 10% by weight of SbyOs, 2% by
weight of Bi12O3, 4% by weight of V3205, 1% by weight

of Fe203 deposited onto alumina calcined at the temper-

ature of 900° C.

There are obtained 9. 5 g of o- phthalomtrlle
Selectivity is 92 mol.%. B

EXAMPLE 19

8.6 g of o-xylene, at the temperature of 420° C., molar
ratio between o-xylene, ammonia and oxygen equal to
1:35:6, the contact time of 2 sec, are passed through a
catalyst containing 3% by weéight of Sby03, 10% by
weight of Bi;O3, 14% by weight of V05, 6% by
weight of Fe;O3 deposited onto sﬂlca gel calcined at the
temperature of 700° C. -

There are obtained 9.7 g of o-phthalonitrile.

Selectivity is 94 mol.%.

EXAMPLE 20

8.6 g of o-xylene, at the temperature of 380° C., molar
ratio between o-xylene, ammonia and oxygen equal to
1:15:10, the contact time of 3 sec, are passed through the
catalyst containing 15% by weight of SbyO3, 7% by
weight of B1yO3, 20% by weight of V305, 3% by
weight of Fe;O3, deposited onto alumina calcined at the
temperature of 900 ° C.

There are obtained 4.7 g of o-phthalonitrile.

Selecttvity is 46 mol.%.

INDUSTRIAL APPLICABILITY

Phthalonitriles are useful in the manufacture of
highly heat-resistant polyamide and polyester fibres,
new types of xylylenediisocyanate plastics, phthalocya-
nine dyes, and for the production of terephthalic and
isophthalic acids, as well as other materials possessing
certain valuable properties.

We claim:

1. A method for preparing phthalonitriles by oxida-
tive ammonolysis of xylene at a temperature within the
range of from 340° to 480° C. in the presence of a cata-
lyst containing oxides of antimony, bismuth, vanadium,
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-~ 2. A method according to claim 1, characterized n
that a catalyst is used having the following composition,
| | percent by weight:
ferric oxide, the components being present in the fol-  antimony oxide: 11-15
| " o 5 bismuth oxide: 1.0-4.0
vanadium oxide or molybdenum oxide: 2.0-6.0

L e ferric oxide: 1.0-2.5
bismuth.oxide: 1-20 .. . . carrier: the balance.
vanadium oxide or molybdenum oxide: 0.2-15 . . © 3. A method according to claim 1 or 2, characterized

_ _ ' -+ 10 1n that a catalyst is used which contains silica gel or
ferric oxide: 0.1-25 , alumina as the carrier.
carrier: the balance. o L A

or molybdenum deposited onto an inert carrier, charac-
terized in that a catalyst is used additionally containing

lowing proportions, percent by weight:
antimony oxide: 1-25 |
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